Background
Successful treatment of chronic diseases depends on a number of factors. It is understood that in order to achieve the treatment goals not only physicians and medical personnel but also the patients have to make adequate efforts.
The term "compliance", according to the traditional approach, focuses on the activities of the physician. This concept is somewhat out-of-date now, as the work overload of doctors is a limiting factor and patients are able to obtain information about their illness from a number of other sources. It is also clear that besides external motivation (medical advice), developing internal motivation of the patient is of fundamental importance. The term "adherence" reflects the more modern, patient-oriented concept of patient cooperation that is often used in relation to a particular therapy. Adherence reflects the proportion of medications effectively taken. "Persistence", the duration of continuous therapy from initiation to discontinuation of a particular treatment [1] , is another easily measurable indicator.
Diabetes mellitus is a lifelong disease that requires appropriate lifestyle modification and drug treatment in order to achieve efficient metabolic control and to prevent late complications. Most diabetic patients have type 2 disease. This type of diabetes usually manifests in adults and in the elderly, but has recently been diagnosed in an increasing number of younger patients, too. If signs of acute metabolic deterioration cannot be detected, the treatment of patients -besides complying with lifestyle and dietary recommendations -means the use of oral antidiabetic agents. Among the oral antidiabetic drugs, according to the international and national guidelines, metformin is recommended as first-line treatment. If metformin intolerance is present or the drug is contraindicated, a sulphonylurea may be prescribed [2, 3] . Because of the progressive nature of type 2 diabetes mellitus, diabetic patients might later receive combination therapy [4] [5] [6] . According to the results of a national survey conducted in Hungary (MULTI GAP), the most commonly used combination is metformin + sulphonylurea, with only a minority of patients receiving other, newer forms of combination therapy [7] .
Adequate persistence of oral antidiabetic treatment of patients with type 2 diabetes mellitus is essential to achieve efficient glycemic control. Data on the persistence of oral antidiabetic treatment are not available in Hungary. In our study, using the database of the National Health Insurance Fund Administration, the persistence of the most common initial oral antidiabetic therapy -metformin and/or sulphonylureas -between 2007 and 2009 was analyzed. Our data were compared to the persistence of other widely used therapies for cardiovascular prevention (statins and clopidogrel).
Material and Methods
Patients (n=256,384) starting oral antidiabetic therapy (metformin and/or sulphonylureas) between January 1, 2007 and March 31, 2009 according to the database of the National Health Insurance Fund Administration (study license number: 44-p-82/2010) were enrolled in this study. The database was analyzed anonymously. No dispensing of oral antidiabetic drugs or insulin to the patients occurred since January 1, 2006, therefore they can be considered as receiving starting antidiabetic therapy for the first time. We excluded patients whose initial oral antidiabetic medication was other than metformin and/or sulphonylureas. More women (55%) than men (45%) were involved but this corresponds to the total population of Hungary (56% women, 44% men, total population 10,066,158 by Jan 1, 2007). The highest number of patients was in the 50-59 years age group, followed 60-69 years and ≥70 years ( Table 1 .) In the patients receiving sulphonylureas, the persistence of conventional and "modified-release" preparations were also evaluated. At that time, gliclazide MR was the only available "modified-release" sulphonylurea in Hungary. In the metformin group, the persistence of a given preparation with higher dose and larger box (Metformin ® 1000 mg -60 tablets) was determined separately. As more than 20 sulphonylurea or metformin generic drugs with different doses were available during the study period in Hungary, no other particular statistical analysis than "modified-release" sulphonylurea preparation (ie, gliclazide MR) versus all other conventional sulphonylureas or metformin with higher dose and larger box (ie, Metformin ® 1000 mg -60 tablets) versus all other metformin preparations could be carried out. For each patient, dispensing of the prescribed drugs was followed until March 31, 2010.
The persistence curves were obtained by using time-to-event analysis and the numerical value of persistence in each case was calculated by Kaplan-Meier method [8] . Patients were considered persistent if: 1) the medicine was taken (dispensed) throughout the test period (continuous monotherapy), 2) a different oral antidiabetic drug or insulin was started while initial oral therapy was maintained (add-on combination therapy), or 3) if a replacement therapy had been initiated by any antidiabetic drug inclusive of insulin (discontinuation with initial oral therapy and switching to any other antidiabetic drug). Overall, this means that patients were considered to be persistent if they started their oral antidiabetic therapy with metformin and/or sulphonylureas and later continued to use (drugs were dispensed) any hypoglycemic agents (insulin included). Consequently, patients were classified as non-persistent if they started the antidiabetic therapy and then later -including the grace period -did not receive any antidiabetic medication. The grace period is the permissible time gap for the patient to resume taking the medication following a discontinuation and still be considered as persistent.
It was determined in advance for how many days the defined dosage forms of the medication would last for a patient. Based on these results it was calculated for how long the dispensed quantities would be enough for the patients. A grace period of 180 days was applied according to the ISPOR (International Society for Pharmacoeconomics and Outcomes Research) criteria often used in international literature [9] . The therapy was considered continuous if the patient still had medication (either an oral antidiabetic drug or insulin) 180 days before the end of the study period. A patient was considered non-persistent if the last dispensed amount of medication had been used up, based on the earlier dosing, and within a further 180 days no repeated dispensing occurred.
We excluded those patients who had a "negative" drug dispensing event (technical operation, correction or cancellation of a prescription), because consumption of medication could not be properly estimated in these cases. The length of insulin therapy was determined as follows: when administered once a day, our previously defined, estimated value was used. In case of multiple daily administrations, we estimated the average daily amount of insulin the patient used, and based on this value, we determined the duration that the actual dispensed amount was sufficient for.
The duration of antidiabetic therapies was compared to the persistence of clopidogrel and statin therapies; in both cases a 180-day grace period was used. In the case of statins only those patients whose calculated daily dose was 1±0.25 tablet were included in the analysis. A dose of 1 tablet/day was assumed for each patient at the first dispensing; the daily dose was later estimated using the dispensed quantities and the interval between repeated dispensing. If the calculated daily dose appeared to fall below or above the range of 1±0.25 tablet per day, the patient was excluded from the study. In the case of clopidogrel we separately analyzed patients in whom clopidogrel therapy was initiated following (or up to 30 days before) percutaneous coronary intervention (PCI) from those who did not undergo such intervention during the treatment period. When determining the persistence of use of statins and clopidogrel, all dosage forms available in Hungary were taken into account. Those patients who discontinued any statin or clopidogrel treatment (no more drugs dispensed) were considered non-persistent. The persistence curves of statins and clopidogrel were analyzed similarly to those of oral antidiabetic drugs, for a 27-month monitoring period.
Persistence was determined using Kaplan-Meier survival analysis method and length-of-therapy data were plotted using Kaplan-Meier curves. The National Health Insurance Fund Administration provided the data only in an aggregate and individually unidentifiable manner in order to protect the patients' privacy. In case of less than 10 patients being included in the database in a given month, the "no data" notation appeared, as with fewer than 10 patients the protection of privacy would not have been fulfilled. Because of this the Kaplan-Meier curves could not cover the entire duration of the study. The numerical value (with 95% confidence interval [95% CI]) of persistence of the actual drug therapy (the proportion of persistent patients in the given cohort) was determined 12 months after the initiation of the medication. The statistical significance of persistence values at 12 months were compared by using the Peto-Wilcoxon test. The p<0.05 value was considered statistically significant.
results
During the study period 115,426 patients started metformin monotherapy; 125,362 patients initiated sulphonylurea monotherapy, whereas metformin + sulphonylurea combination therapy was begun in 15,596 patients. The persistence of drug therapy fell after 2 months to 57.4% (95% CI 57.2-57.7) in the group with sulphonylurea monotherapy, to 64.8% (95% CI 64.6-65.1) in the group with metformin monotherapy and to 68.0% (95% CI 67. considerable difference between men and women in the persistence of therapy using Meforal ® 1000 mg -60 tablets (men: 62.2%; 95% CI 61.5-62.8; women: 58.8%; 95% CI 58.2-59.5; p<0.001). The persistence of therapy using Meforal ® 1000 mg -60 tablets was the best in patients aged between 40 and 70 years (60-66%), the persistence was reduced both in patients over 70 years of age (58%) and less than 40 years of age (20-50%, mean values in respective age-groups by decades).
During the study period 20,697 patients received clopidogrel therapy after PCI, while 50,422 patients receiving clopidogrel did not undergo PCI. Statin therapy was initiated in 607,422 patients, but 158,849 (26.1%) patients were excluded from the analysis because of suspected insufficient or dual therapy. Since 41,250 (6.8%) patients were excluded due to other reasons (fully subsidized statin therapy, ezetimibe monotherapy as initial treatment), data of 407,323 patients were included in the analysis. The persistence of antidiabetic therapy was better than that of statin therapy (26.3%; 95% CI 26.2-26.5) at 12 months, while non-PCI patients receiving clopidogrel therapy had a similar persistence value (48.8%; 95% CI 48.4-49.2). The persistence of clopidogrel therapy in patients who had PCI exceeded (73.2%; 95% CI 72.6-73.8) only that of the oral antidiabetic agents (Figure 1 ).
discussion
Our data show that the 1-year persistence of initial treatment with metformin, sulphonylureas or with metformin/sulphonylurea combination was 47.7%, 45.4% and 55.8%, respectively, which was significantly better than the persistence of statin therapy (26.3%) but worse than that of clopidogrel therapy in patients undergoing coronary intervention (73.2%).
The 1-year persistence of oral antidiabetic therapy (metformin and/or sulphonylureas) (45.4-55.8%) proved to be surprisingly low. In addition, the rapid drop of persistence values within 2 months after initiation warrants further notice. Due to the inherent limitation of a database study, we can only speculate about the premature discontinuation of medication. Clearly, some medical conditions should be taken into account. Accordingly, uncertainties surrounding the indication for metformin prescription (polycystic ovary syndrome or type 2 diabetes) and other likely explanations for medication withdrawal (exercise, weight loss, renal impairment, adverse effects) might be present in some cases [10] [11] [12] . More likely, disregarding the importance of type 2 diabetes mellitus and the need for continuous medical treatment (lack of sufficient information, possibility of negligence) is the explanation in the majority of patients. Clearly, more effort should be made to improve persistence immediately after initiation of antidiabetic drugs in patients with type 2 diabetes. The particular impact of early and continuous intensive antihyperglycemic treatment on microand macrovascular complications even in the long run was documented in newly diagnosed type 2 diabetic patients by the UKPDS [13, 14] .
One specific dosage form of metformin (Meforal ® 1000 mg -60 tablets) was separately tested and the 1-year persistence was found to be significantly better than that of the other metformin preparations with lower doses and smaller boxes. Changes of subsidy costs cannot be ruled out as an explanation since this dosage form was supported throughout the study period, while the support of other metformin preparations has changed or ceased in Hungary. Persistence curves analyzed by age group showed that patients younger than 40 years and over 70 years were less persistent than the 40-70-year-old group. Adherence has always been a major problem in younger age groups, and possible contraindications may result in discontinuation of the drug in the elderly.
It is striking that the number of patients treated with sulphonylureas exceeded the number of metformin-treated patients at the beginning of the study period. There is no doubt that [15] . Accordingly, we found 1-year persistence was worst in the case of sulphonylurea monotherapy (45.4%). Nevertheless, the better persistence of treatment with the "modified-release" tablets compared to the conventional sulphonylureas (47.8% vs. 42.2%) is in agreement with the improved safety profile of "modified release" gliclazide [16] .
The 1-year persistence data of the metformin + sulphonylurea combination therapy (55.8%) might not be considered as a good result, because sulphonylurea therapy provides a relatively short glycemic durability [17] , and patients on metformin + sulphonylurea combination therapy usually need an earlier modification of the treatment.
Overall, our data on the persistence of oral antidiabetic therapy are in agreement with those reported internationally, although it is difficult to compare the data directly due to the different populations and methodology. According to a meta-analysis of 25 studies published by Rubin in 2005 [18] , the adherence to oral antidiabetic therapy ranges from 65% to 85%, and the rate of adherence was found to be only 36-54% in the case of some drug preparations or forms of treatment. More recently, the 12-month persistence of initiating therapy with metformin or sulphonylurea was found to be between 56% and 65% in a population-based cohort study from Quebec [19] .
The low persistence of statin therapy in our study should not be considered unusual. From Poland, a very low rate (12%) of proper level of both compliance and persistence of patients treated with statins was recently reported [20] . The persistence of clopidogrel therapy was better in patients with than without PCI. Similar to our results, a negative impact on clopidogrel adherence in patients treated with PCI but without stenting (versus PCI with stenting) was recently reported [21] .
Our study has some limitations. Due to the study being a database analysis, information on reason of non-persistence to medications could not be provided. In addition, clinical data about diabetic care (HbA1c testing, utilization of home blood glucose monitoring, frequency of office visits, and intensification of actual therapy [dose adjusting]) were not available. Bearing in mind all these limitations, our investigation with a relatively large number of patients and acceptable follow-up period -the first such study from Hungary -should be of interest.
Our data clearly indicate that the persistence of oral treatment for glycemic control should be improved in patients with type 2 diabetes. Importantly, there is still much to do in the field of education. Literature data suggest that regular control, perception of long-term treatment benefit, reduction of treatment complexity, preferred use of preparations with minimal adverse effects and appropriate reimbursement can greatly increase the persistence of oral antidiabetic therapy. These options should receive serious consideration in diabetes care [22] [23] [24] [25] [26] [27] [28] and could be costeffective as well [29, 30] . Nevertheless, the problem is significantly bigger and probably cannot be solved by a simple approach such as enhancing patient education. Continuous improvement of the entire diabetes health care delivery process and education to both health care providers and patients are the most likely needed solutions.
conclusions
The persistence of initial treatment with metformin and/ or sulphonylureas is far from optimal. Better diabetic care and continuous patient education should be encouraged to achieve higher persistence of oral antidiabetic treatment in patients with type 2 diabetes.
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